Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by language and communication impairments, social impairments, and repetitive behaviors or restricted interests. Previous studies of semantic functions have found differences in semantic processing and differences in the activation of the language network in adults with ASD compared to controls. The goal of this study is to examine semantic functions in adolescents with ASD compared to typically developing adolescents. We utilized f MRI with a reading version of a response-naming task to investigate activation in 12 right-handed adolescent boys with ASD and 12 typically developing boys. Both groups performed the task at ceiling levels. Boys with ASD had significantly stronger activation than controls in Broca's area, which was less left lateralized in ASD individuals. Controls had a significant correlation between frontal and temporal language area activation in the left hemisphere, whereas ASD adolescents did not. Direct group comparisons revealed additional regions activated in the ASD group relative to the control group. These results suggest differences in semantic organization, approaches to the semantic task, or efficiency in semantic processing in ASD adolescents relative to typically developing adolescents. (JINS, 2008, 14, 967-979.) 
INTRODUCTION
Autism spectrum disorder (ASD), a term including classic autism, pervasive developmental disorder-not otherwise specified (PDD-NOS), and Asperger syndrome, is a neurodevelopmental disorder characterized by impairments in language and communication, social deficits, and repetitive behaviors or intense interests (American Psychiatric Association, 1994) . Although deficits in language and communication are one of the core features of ASD, the specific nature of these impairments remains unclear. Complicating this, the entire range of language abilities occurs in ASD, including individuals who never develop language to those who perform normal or above on standardized language tests (for review, Tager-Flusberg et al., 2005) . Certain aspects of language, such as pragmatics are impaired in all individuals with ASD, regardless of functioning level (see TagerFlusberg et al., 2001) . Other aspects of language, however, such as phonology, syntax, and semantics may not show impairment or may be impaired only in a subgroup (see Tager-Flusberg et al., 2001) .
Semantic processing in ASD has been studied in older adolescents (15 years or older) and adults using several behavioral paradigms. Long-term memory studies have suggested semantic processing differences. Toichi and Kamio (2002) found semantic, compared to phonological or perceptual, processing of verbal items facilitated long-term memory in controls. In ASD, semantic facilitation did not occur, suggesting decreased use of semantic information. Mottron et al. (2001) demonstrated that when oriented to the semantic features, both groups had better recall than when oriented to phonological features or no orientation. However, when controls were given semantic cues at retrieval, recall was better than with phonological cues, whereas in ASD, semantic and phonological cues had the same effect. This further supports decreased use of semantic information in ASD. Similarly, another study found that controls had better long-term memory and increased verbal associations to concrete than abstract nouns and a correlation between recall and number of associations, which was not found in ASD (Toichi & Kamio, 2003) and implies different semantic processing in the ASD group.
Semantic priming has also been used to examine semantic functioning in ASD. In a study of ASD individuals without early language delay, Kamio et al. (2007) showed semantic priming effects in controls, but not in ASD. Another priming study found no group differences, but found that when pictures, instead of words, were used as primes there was an increased priming effect in ASD, but not in controls (Kamio & Toichi, 2000) . Thus, in ASD, pictures may have an advantage over words in accessing meaning. Toichi and Kamio (2001) also found no differences in semantic priming in ASD compared to controls. A correlation was found between priming performance with performance IQ and Raven's Progressive Matrices in ASD, suggesting the contribution of non-verbal factors and the possibility of different strategies being used.
Functional neuroimaging has been used to investigate the neurobiological substrates of language in ASD. The first studies were PET and f MRI studies that used passive paradigms to explore auditory language processing. These studies found decreased temporal activation and decreased left lateralization of activation in autism compared to controls (Boddaert et al., 2003 Gervais et al., 2004; Müller et al., 1998 Müller et al., , 1999 .
Several studies have examined semantics or syntax using sentences in ASD adults. Müller and colleagues studied sentence production compared to sentence repetition. In one study, both groups had activation in the left inferior0middle frontal gyrus with left lateralization in the perisylvian region; controls also had activation in the left inferior temporal region (Müller et al., 1999) . In another study, there was decreased left BA 46 and left thalamus activation in the autistic group relative to controls (Müller et al., 1998) . Another group, focusing on syntactic processing during a visually presented sentence task, found increased posterior activation (left superior temporal gyrus) and reduced activation in frontal language areas (left inferior frontal gyrus) in autism compared to controls (Just et al., 2004) . There was also decreased functional connectivity between anterior and posterior language regions. The ASD's task performance was faster and less accurate than controls'. Similar to behavioral findings, Kana et al. (2006) demonstrated activation in the ASD group in parietal and occipital imageryrelated regions in low-and high-imagery sentences, whereas controls had more activation in these regions during highrelative to low-imagery sentences. For their task, participants indicated whether high-and low-imagery sentences were true or false and there were no group differences in performance.
Two f MRI studies focused on semantic processing of words in ASD and suggested atypical semantic processing or organization. Harris et al. (2006) demonstrated less activation in Broca's area and increased middle temporal gyrus activation in ASD relative to controls. The ASD group also showed similar activation in Broca's to the semantic and perceptual task, whereas controls had activation in this region only during the semantic task. Subjects indicated whether a visually presented word was positive or negative compared with a case decision of the same words, with similar performance in both groups. Gaffrey et al. (2007) had subjects determine whether visually presented words belonged to a given category and contrasted this with subjects indicating whether a specified letter occurred in letter strings. The control group was more accurate than the ASD group for the category task. The ASD group compared to controls had increased extrastriate visual cortex activation, which corresponded to increased errors on the semantic task. ASD individuals also had smaller activation clusters than controls in left inferior frontal regions, however, direct group comparisons did not reveal this difference.
The purpose of this study was to investigate semantic processing in adolescents with ASD and typically developing adolescents, utilizing f MRI. We used a visually presented response-naming task (Bookheimer et al., 1997) . Almost no previous semantic f MRI tasks in ASD have involved language production and to our knowledge, this is the only study that has used a semantic task involving semantic integration and word generation. We chose a task that each individual could easily and accurately perform so that differences in activation between the groups could not be attributed to differences in performance levels (Bookheimer, 2000) . f MRI semantic studies have been performed mainly in adults. To our knowledge, this is the first study to examine language activation patterns in ASD adolescents as young as 11 years old. Broca's and Wernicke's areas play key roles in semantic functions (for reviews, Bookheimer, 2002; Foundas, 2001; Vigneau et al., 2006) . In addition, functional neuroimaging studies in ASD have demonstrated differences in these regions during semantic tasks, with several studies reporting decreased Broca's activation (Gaffrey et al., 2007; Harris et al., 2006; Just et al., 2004; Kana et al., 2006) and some finding increased Wernicke's area activation (Harris et al., 2006; Just et al., 2004) . We therefore hypothesized that ASD individuals would have decreased left frontal language activation and increased activation of left temporal language regions. These prior studies, however, did not involve language generation, which relies heavily on Broca's area; so alternatively, we might not expect to find group differences in Broca's activation with this task. Behavioral and imaging studies have suggested different semantic organization or strategies in semantic processing. Based on these findings, we predicted that 968 T.A. Knaus et al. the ASD group compared to typically developing adolescents would rely on different cortical areas during the semantic task.
MATERIALS AND METHODS

Participants
Participants included 12 adolescents with ASD (autism, Asperger syndrome, or PDD-NOS) and 12 typically developing adolescents, ages 11-19 years. All participants were male, monolingual (English), and right-handed based on writing hand, self-report, and a modified version of the Dean handedness inventory (Piro, 1998 Semel et al., 1995) to assess language abilities. Four subtests of the CELF-III were administered: Concepts and Directions, Word Classes (Receptive language subtests), Formulated Sentences, and Recalling Sentences (Expressive language subtests).
For ASD subjects, diagnosis was based on DSM-IV criteria (American Psychiatric Association, 1994) using the Autism Diagnostic Interview-Revised (ADI-R; Lord et al., 1994) and the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000) . In addition, an expert clinician confirmed that all individuals met criteria for ASD. Individuals with frank neurological damage, with a known genetic disorder, who were born prematurely (less than 35 weeks), or who had seizures within the last three years were excluded. Typically developing individuals had no history or current diagnosis of developmental, learning, psychiatric, or neurologic disorders. See Table 1 for participant details.
Subjects 18 years and older provided informed written consent prior to participation. For subjects under 18 years old, parents gave informed written consent and children provided informed written or verbal assent prior to participation. All data in this manuscript were collected in compliance with the Boston University School of Medicine Institutional Review Board.
MRI Acquisition
All participants practiced in a mock scanner prior to the actual MR scanning. Images were acquired on a Philips 3 Tesla Intera scanner. Volumetric T1-weighted images were obtained as a series of 95-110, 1.4 mm gapless axial images, aligned parallel to the intercommisural plane. Threedimensional MPRage was used with technical factors of: TR 5 7.3 ms, TE 5 3.4 ms, FOV 5 230 mm, pixel matrix 5 256 3 256, flip angle 5 88. Two FE-EPI axial sequences aligned parallel to the intercommisural plane were acquired. f MRI scans were acquired using Blood Oxygen Level Dependent (BOLD) contrast with the following parameters: TR 5 2000 ms, TE 5 35 ms, FOV 5 230 mm, pixel matrix 5 128 3 128, flip angle 5 908, 36 contiguous slices, slice thickness 5 3.5 mm.
fMRI Task
A block-design was used with a reading version of a response-naming task (Bookheimer et al., 1997 ) and a control letter-judgment task. During the response-naming task, subjects were shown a three-word phrase (e.g., keeps hands warm) and asked to think of what word was being described (e.g., gloves). They then chose, by pressing a button, from two displayed options, the word that best matched what Language activation in ASD 969 they had thought of. For the control task, three strings of letters were presented and subjects indicated, with a button press, whether the letters were in upper or lower case. This task was chosen so that areas related to primary visual processing and motor areas related to the button press could be subtracted out of the language activation. For the stimuli used see the Appendix. The stimuli were presented in red lettering on a black background using E-Prime software (http:00www.pstnet. com0products0e-prime0). Prior to scanning, a practice session in the mock scanner was done, during which each subject performed one run consisting of different stimuli from those used in the actual scanning. During scanning, 2 functional runs were completed, each consisting of three blocks of response-naming and three blocks of the control task. Each block was 28 seconds and consisted of 4 trials, resulting in 48 trials across the two runs. A trial was presented every six seconds, with the three-word phrase or letter strings presented for 3.5 seconds, a blank screen for 0.2 seconds, the two word choices or the words upper and lower displayed for 2 seconds, and a blank screen for 0.3 seconds. At the beginning of each block a crosshair was presented for 4 seconds.
Analyses
f MRI analyses were carried out using Neurolens (www. neurolens.org). The first 2 volumes of each run were discarded to allow for magnet stabilization. Each run was motion corrected using a volume registration algorithm in which each volume was co-registered to a target volume (volume 85 of each run) (Cox & Jesmanowicz, 1999) . For each run, the output files from motion correction were examined to ensure that there was not significant motion. Subjects with movement in any direction greater than 2 mm or 2 degrees were excluded. To test for group differences in movement, the mean of the absolute value of translations and rotations across each run was calculated for each direction for each subject. A MANOVA was performed with the mean translation and rotation in each of the 3 directions for each run as dependent variables and group as the independent variable. This revealed no significant group differences in motion for any direction for either run (F(12,11) 5 2.36, p . .05). Spatial smoothing was also performed on each functional run, using a 3-D Gaussian kernel with 6-mm full width at half-max.
For individual analyses, a general linear model (GLM) fitting the task block's time vector convolved with a gamma variate estimate of hemodynamic response was performed for each run, resulting in an activation map (the 2log probability map which corresponds to the t-statistic), a map of the effect, and a map of the standard error of the effect. The words task and a baseline plus drift were modeled. The motion correction parameters for translations and rotations in each direction were included as regressors to improve the model. The group analysis function (Worsley et al., 2002) was used with fixed effects, to combine activation and baseline for the two runs in each individual. For this, the maps of the effect and standard error of the effect for each individual run were utilized to generate a 2log p, effect, and standard error effect map for the two runs together. Because frontal and temporal regions are critical for semantic processing and to better account for individual differences in anatomy, activation within these regions was examined in individuals. To control for multiple comparisons, Bonferroni correction was used with the combined activation map for each participant thresholded to p Յ 10 27 , which was overlaid on each subject's respective high-resolution T1-image. Regions of interest (ROIs) were anatomically defined using well-established anatomical landmarks and all measurements were done by 1 rater (TAK) experienced in anatomically defining these regions (see Knaus et al., 2004 Knaus et al., , 2006 Knaus et al., , 2007 . ROIs were defined in the sagittal plane. Frontal language areas (pars triangularis and pars opercularis) were bounded anteriorly by the anterior horizontal ramus of the Sylvian fissure, posteriorly by the pre-central sulcus, and superiorly by the inferior frontal sulcus. Activation in both banks of all of these gyri was included (Fig. 1a) . Temporal language areas (pSTG, including PT) were bounded anteriorly by the most anterior Heschl's sulcus, posteriorly by the most posterior point of the Sylvian fissure, and superiorly by the horizontal ramus of the Sylvian fissure. When the Sylvian fissure gently sloped upward, the knife-cut method (Witelson & Kigar, 1992) was utilized (Fig. 1b) . Percent signal change was calculated in both regions in the right and left hemisphere as (mean of the modeled effect0mean of the baseline effect) *100. To examine differences in percent signal change, a repeated measures MANOVA was computed with the percent signal change of each ROI as dependent variables, hemisphere as the repeated measure, and group as the independent variable.
An asymmetry quotient (AQ) of the percent signal change was calculated for each ROI. The AQ was calculated as (left percent signal change 2 right percent signal change)0 (left percent signal change 1 right percent signal change), with positive AQ indicating higher percent signal change in the left and negative AQ indicating higher percent signal change in the right. A MANOVA was performed to examine differences in degree of AQ with group as the independent variable and AQ of frontal and temporal areas as dependent variables.
The relationship between percent signal change and behavioral measures was examined within each group using Pearson correlations. The relationship between percent signal change of each ROI with CELF-III receptive and expressive standard scores was examined. Correlations between percent signal change of each ROI with age, verbal IQ (VIQ), and non-verbal IQ (NVIQ) measures from the KBIT-II were computed. The relationship between percent signal change of each ROI was also examined. In the ASD group, correlations between percent signal change of each ROI with ADOS communication and social scores were examined.
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For the group analysis, we computed a transformation matrix by fitting the first functional run of each subject to a group averaged EPI brain in MNI space. This transformation matrix, which resampled the f MRI acquisition voxels to 2-mm isotropic voxels, was then applied to the effect and standard error of the effect maps from the combined runs for each subject. These transformed effect and error maps were used in the group analysis with mixed effects. A block design GLM was fitted to all the effect maps for an individual group. The effect size was then divided by the residual standard error to produce a t-map, which was converted to a 2log p map. Cluster size thresholding was used to adjust for multiple comparisons (Forman et al., 1995) . Program AlphaSim (Ward, 2000) , a Monte Carlo simulation that is part of AFNI was used to determine cluster size and significance. Using an individual voxel probability threshold of p 5 .001, indicated that using a minimum cluster size of 36 original voxels (51 MNI transformed voxels) resulted in an overall significance of p 5 .048. The activation map, thresholded using a cluster size of 51 voxels, for each group was overlaid onto an individual's T1 scan, transformed into MNI space, to help with localization of activation. For each group, age was added as a regressor and regions correlated with age were examined. For the ASD group, in a separate analysis, ADOS social 1 communication scores were added as regressors to examine regions correlated with the ADOS. Direct group comparison was done by using the transformed effect and standard error of the effect maps for all subjects. An image series of the effect maps for all subjects was made and sorted into blocks with members in each group ordered together. A block design GLM with regressors for each group type was then performed. We examined regions more active in the ASD group and regions more active in the control group. Peaks of activation were identified for each contrast using a cluster threshold of 51 MNI transformed voxels.
RESULTS
Behavioral Performance
All individuals were able to do the task easily and with only 1 practice session. Complete behavioral data were not available for 1 subject due to button box errors, however, during the practice run this subject made no errors. Accuracy measures for this subject were not included, but reaction time data were included for this subject for all trials in which a response was recorded. No subject made errors on more than 2 trials across both runs. For accuracy and reaction time data, see Table 2 . To examine differences in accuracy and reaction time, 2-factor ANOVAs were done with group and task (semantic, perceptual) as factors and accuracy or reaction time as dependent variables. For accuracy, there were no significant effects of task or task by group interaction. There was a significant effect of group (F(1,21) 5 7.17, p 5 .014), with the ASD group having higher accuracy. Both groups' performances, however, were at ceiling. For reaction time, there was a significant effect of task (F(1,22) 5 130.84, p , .001) , demonstrating faster reac- 
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tion times for the visual than semantic task. There was also a significant group effect (F(1,22) 5 7.66, p 5 .011) with the ASD group responding faster than controls for both tasks. Because of the design of the task, however, reaction time was not a measure of time to generate a response. Subjects were instructed and given time to think of their response prior to the word choices. They then chose the word that matched what they had generated. They also were not given specific instructions to respond as quickly as possible. (Fig. 2) . At the univariate level, the hemisphere by group interaction was significant for the frontal region (F(1,22) 5 5.29, p 5 .031), with a larger difference between left and right hemispheres in controls than ASD. Mean AQs are presented in Table 3 . There was a significant group difference in degree of AQ (F(2,21) 5 6.11, p 5 .008). Follow-up univariate tests revealed significant differences in frontal percent signal change AQ (F(1,22) 5 11.89, p 5 .002), demonstrating stronger AQ in controls than ASD.
Functional Activation -Individuals
See Table 4 for correlations in each group. After correcting for multiple comparisons, no correlations between percent signal change with CELF-III scores, age, or IQ were significant in either group. In the control group, there was a significant correlation between frontal and temporal percent signal change in the left hemisphere (r 5 .934, p , .001), but not in the right hemisphere. This correlation was not significant in either hemisphere in the ASD group (Fig. 3) . Correlations with ADOS scores were also not significant.
Functional Activation -Group
For the control group, seven clusters of activation were identified (Table 5 and Fig. 4a ). The largest cluster was in the left hemisphere in Broca's area; it included the pars triangularis, pars orbitalis, banks of the inferior frontal gyrus, and medial orbito-frontal regions. Large clusters were also in left anterior and posterior superior temporal regions. Another large cluster was in left temporal regions, which included the inferior temporal gyrus, fusiform gyrus, and parahippocampal area. In addition, clusters were present in left orbito-frontal cortex, left inferior temporal gyrus, and left superior pre-central gyrus. There were no regions correlated with age.
In the ASD group, there were eight clusters of activation (Table 6 and Fig. 4b) . Again, the largest cluster was in the left hemisphere in Broca's area, including the pars triangularis, pars orbitalis, banks of the inferior frontal gyrus, insula, and orbito-frontal, extending into superior pre-central gyrus.
A large cluster was also present in the anterior and posterior superior temporal gyrus, which included posterior middle and inferior temporal gyri. Clusters were also in left thalamus and caudate, left medial superior frontal gyrus, and right cerebellum. Activation was also in the left in the brainstem, parahippocampus, hippocampus and fusiform gyrus, and right lateral inferior frontal gyrus. There was 1 region correlated with age located in right lateral parietal0post-central gyrus and no regions were correlated with ADOS scores. When groups were directly contrasted, there was one small region near the posterior corpus callosum0cingulate that was more active in controls than the ASD group. ASD subjects, however, had more activation than controls in 11 clusters ( Table 7) . The biggest clusters were located in right inferior and middle frontal gyri and right middle temporal gyrus. Other clusters were in the left in inferior frontal gyrus, inferior temporal and fusiform gyri, pre-central gyrus, and posterior superior temporal gyrus. There were also clusters in left medial superior and middle frontal gyrus and medial Broca's area. Smaller clusters were found in the right in pre-central gyrus, orbito-frontal, and superior parietal regions.
DISCUSSION
During semantic processing, we found differences in activation between ASD and typically developing adolescents. The ASD group had significantly more activation in Broca's area, which was less lateralized compared to controls. In the left hemisphere, frontal and temporal activation was correlated in controls but not in ASD individuals. The ASD group relative to the typically developing group also had additional regions activated during semantic processing. Broca's area is involved in semantic encoding and retrieval and on-line manipulation of semantic representations (Blumenfeld et al., 2006) . Because of its critical role in language, Broca's has been examined, with structural and functional language studies demonstrating differences in ASD (Abell et al., 1999; de Fossé et al., 2004; Gaffrey et al., 2007; Harris et al., 2006; Herbert et al., 2002 Herbert et al., , 2005 Just et al., 2004; Kana et al., 2006; McAlonan et al., 2005) . We predicted differences in this critical language area, however, we did not expect an increase in activation in ASD. There are important differences between our study and previous language studies, which may account for this discrepant finding. One difference is task performance. In the current study, both groups performed at ceiling levels, however, in some prior studies, the ASD group had significantly lower Language activation in ASD 975 accuracy than controls (Gaffrey et al., 2007; Just et al., 2004) . When 1 group is not as able to do the task, activation may not be a measure of regions involved in the task, but may reflect regions that are compensating for not being able to do the task or associated with errors (Bookheimer, 2000) . Gaffrey and colleagues (2007) demonstrated some regions of activation that correlated with increasing semantic errors. In addition, behavioral studies have not found semantic deficits but rather point to differences in semantic organization, approaches, and0or use of semantic information. By using a task with ceiling performance, activation differences are not related to differences in task performance. The sample has also differed between studies. Previous studies have involved adults (Gaffrey et al., 2007; Harris et al., 2006; Just et al., 2004; Kana et al., 2006) , whereas our study was comprised of adolescents, 11-19 years old. Studies of age effects on language activation have suggested differences, but results have been inconsistent (Gaillard et al., 2003; Holland et al., 2001; Schlaggar et al., 2002; Szaflarski et al., 2006; Wood et al., 2004) . We only found one small region in the ASD group associated with age; however, our sample involved only adolescents and therefore included a small age range. Another important difference is the semantic task, with our task involving language generation. Other studies have involved making decisions about individual words (Gaffrey et al., 2007; Harris et al., 2006) or sentences (Just et al., 2004; Kana et al., 2006) . Making decisions about single words may require limited semantic processing and does not require integration of information and sentence tasks are more complicated, involve understanding words in context, and may require syntactic processing. Our task involved semantic integration and word generation and Broca's area is particularly important in language production (Foundas, 2001) .
Thus, task differences could account for our contrasting finding of increased Broca's activation and decreased lateralization of activation. The lack of correlation between activation in left frontal and temporal language areas in the ASD group, suggests differences in communication between critical language areas, implying less efficient connectivity in ASD than in controls. Our finding supports Just and colleagues (2004) who were the first to show decreased functional connectivity during a language task in adults with autism. It is also consistent with a finding of decreased functional connectivity between language and visuospatial regions in ASD (Kana et al., 2006) . Our finding also supports studies of white matter. Courchesne et al. (2001) found abnormalities in white matter development, with increased white matter in toddlers but decreased white matter in adolescents with ASD compared to controls. Similarly, Barnea-Goraly et al. (2004) found decreased integrity of white matter in ASD adolescents.
The more diffuse activation pattern in the ASD group is consistent with our hypothesis and previous behavioral findings. Because accuracy on the task was equivalent, these activation differences suggest differences in semantic organization or approach to semantic processing. Semantic information may be organized differently in individuals with ASD, resulting in different brain regions being used, which is in line with long-term memory (Toichi & Kamio, 2003) and priming studies (Kamio et al., 2007) in ASD. Different approaches to the semantic task could also result in different regions being activated, which is consistent with priming studies showing increased priming to pictures (Kamio & Toichi, 2000) and correlations with non-verbal tasks (Toichi & Kamio, 2001) in ASD. Imaging studies have also suggested different strategies in semantic processing. Kana Knaus et al. et al. (2006) found that ASD individuals used the same regions to process high-and low-imagery sentences, whereas controls did not. Similarly, Gaffrey et al. (2007) found visual imagery regions activated during their semantic task in ASD, but not controls. Harris et al. (2006) also found decreased differences in activation between semantic and visual tasks in the ASD group than controls. The more diffuse activation in ASD could also be related to efficiency in semantic processing, especially given that the ASD group had significantly lower receptive and expressive language scores. We did not, however, have a behavioral measure of processing efficiency in this study to examine this possibility. In summary, we found differences in activation between ASD and typically developing adolescents during a semantic task involving language production, which may reflect differences in semantic organization or approaches to the semantic task. There are several limitations to this study. One limitation is that we do not have a measure of processing efficiency. Although reaction time was collected, because of the task design, this was not a measure of time to generate a response and is therefore not a meaningful measurement. Another limitation is the relatively small sample size. Although, this sample size is similar to other f MRI studies of ASD, given the large variability in ASD, larger numbers of participants may be more revealing of within-group variability in activation patterns. Another potential limitation is that although some lower-functioning individuals with ASD were included, most of our subjects were high-functioning. Future studies should include larger more heterogeneous samples so that differences in activation related to age, functioning level, and language abilities within the ASD group could also be explored.
